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AEM MANUAL -— INTROADUECTION 


This manual is intended ta pravide information ta the GEM 
custamers of Chromatics, Incorrporated, cancernina the internal 
details of the CGC 7900 Calor Graphics Campeuter System. The 
information cantained in this manual should = he eEansidered 
Proprietary in nature. It is Provided snlely ta aid our aeM 
customers in interfacina ta the end-user. 


This manual shauld he used in cansunctian with the CGl 7900 
Ciperatar’s Manual. The Geerator’s Manual Sives mare detailed 
informatian abaut the 7700 system soaftware. 


While the i ainformation in this dacument is believed ta he 


accurate, no auarantees are made. Chromatics reserves the riaht 
ta make product changes at anyr time. 
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CGC 7900 HARDWARE OVERVIEW 


The CGC 7700 is a self-contained computer system. it is capable 
af extremely hish-resalution color graphics displays. The 7900 
Central Proecessina Unit (CPU) uses the MC468000 microprocessor. 
The system may be equipred with a hard disk and two floppy 
disks, a lisht Pen» Jovrstick, and several Measahvtes of memory 
for images and eroagrams. 


The chassis contains a matherboaard with 12 or 24 card 
cannectors., The lower paortian af the chassis honses the digital 
@#lectranics:, and the upper Partian cantains the analoaa 


circuitry. Power supplies and the hard disk drive are mounted 
in the battam af the chassis. Six fans mounted telow the card 
cage ventilate the chassis. The system is maunted oan casters 
fer easy transportation. 


The anales chassis contains a hish-resatution, ?%-inch calor 
Cathode Rar Tutte (CRT). The CRT is treated with a lana 
Persistance Phosphor, to minimize the problem of interlace 
flicker. All high voltages are Present only in the analag 

chassis. , 
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CPU CARD 


The CGC 7700 Central Processing Unit (CPU) card contains the 
MC46S3000 microprocessors which can directlv address 16 Mesabyvtes 
of memory. This card senerates mast af the control sianals used 
by the Processor ta cantroal memory. 


\ 
The CPU card contains 4K bytes af static memoarv. This may 
eptionally be replaced by CMOS memarv, Powered by a battery 
fackurP suPPly on this card. The CMQS aetian includes a 


Real-Time Clocks alsa lacated on the CPU card. 


All ineput/auteput interface hardware in the standard 7900 system 
is found on the CPU card. This includes the kerboard., javstick, 
disk, bhezel keys, and two serial ports. I/™ is connected ta the 
CPL card br edse connectors on the back of the card. Each nf the 
I/GQ interfaces is discussed in a separate section af this manual. 


A Prasgrammable Sound Generator is installed an the CPL card. It 
may he aperated ty the CGC system programs ar ty user Programs. 
It cannmects ta a speaker, below the keyboard, an the chassis 
front. A Guiet Lack kev an the kerboard disables the sreaker. 


eet ot an eo Beet Pe:  Pase 4 
oo EPROM/RASTER PROCESSOR CARD 


EPROM sockets on this card are addressed from 800000 to SOFFFF. 
The EPROMs must be 2532 trpe (32K bits), 350 nanoseconds or 
faster. See the "Memory Mar" section of this manual for 
| Prosrammins requirements. — $e a ee 


The Raster Processor is a bipolar circuit, microrprogrammed to 


Perform an address translation function in the 7700 system. 
This device assists the MC63000° in moving Pixels an the image 
memory screen. | | 7 


This card also contains bus terminators which decrease noise on 
the motherboard. Because of the extremely high Pracessar speeds’ 
(up ta 3 MHz), these terminators are very important in the 7700 
system. | : | - | | -_ 


Fess aie age hag ae; 
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BUFFER MEMORY CARDS 
The 7700 cantains ane or more Buffer Memory cards. Fach card 


holds 128K tvtes af dynamic RAM for system memory resauirements 
and user programs. The first card is addressed at zero, and 
other cards are usually addressed on 128K baundaries above zerca. 


Each card stores a. parity bit for each brte af data stared. 
Parity is stored with each write, and checked with each read. 
If a parity error is detected the card will assert a law level 
on the parity error line of the bus. If the parity flip-flop is 
enabled, this will interrupt the 66000 processor. Systems which 
use the Parity checkins feature must write data ta ALL buffer 
memory when the srstem is Powered-up,. or risk a Parity error iif 
a location is read that was not previously written. 


IMAGE MEMORY CARDS 


Ure ta 14 Image Memary cards, or Planes, may be installed in the 
7TVOOQ. The number of Planes determines haw many simultaneaus 
calors may te displaved in the hish-resalution Bitmar memarvy. 
Typical systems will cantain 1. 4, & or 14 Image planes. 


Fach Plane may be accessed thraugsh several addressina mades. 
These are discussed under “Image Memary" in the Memary Map 
sectian af this manual. Because of the varied addressinas modes, 
a Plane misht respond to addresses anyvwhere hetween AQQgd00 9 and 
ELFFFF. 
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Col 7700 MEMORY MAP 


The eracessor in the CGC 7700 is capable af directly addressina 
over 14 Mesabvtes of memorys usine a 24-bit address bus. The 
addressina ranae is O00000 toa FFFFFF Chex). Chromatics reserves 
the upper half of this space, besinnina at 800000 (hex). 


The Tower half af the 7900 address space will normally cantain 
ene or more Buffer Memory cards. Each card cantains 128K bytes 
af dynamic RAM. The first card must be tlacated at address 
QONOONO—-1FFFFF (the first 128K of memory) ta Pravide the 


Pracessar with room for interruet vectors. The remainder of 
this card, Plus any other Buffer Memory cards which may be 
installed,» is allocated among various system FUNCTIONS» 


and user praarams. 


The "Thaw" command allocates memory amans input/output buffers, 
stacks, the Create Buffer, function kev buffers, etc. If 
tatteryv-pawered CMOS RAM (artianal) is installed in rour system, 
the parameters set up by "Thaw" will be remembered and used ta 
allacate memory next time the system is Powered up. Tf CMOS RAM 
is not present, memory will be allocated adcarding ta default 
Parameters in PROM. . 
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EPROM 


System EPROM besins at address. 300000. The Raster Processor 
card contains EPROM for the standard ev ctem Space is provided) 
for 32K words (464K bytes)» addressed from 800000 to Q0FFFF. The 
card will accomodate Motorola 2532-C35 EPROMs (or esuivalent) 
| which have access times of 350 nanasecands ar faster. <a a 


2532 EPROMs are capable of storins 32K bits of data, arvansed as 
4K af S-bit brtes. Since the 68000 fetches all instructions as 
16-bit words, two 2532s must be accessed simultaneously for wach 
instruction fetch. This reauires that data in the 2532s he 
Separated into "odd" brtes and "even" brtes. Each 4K of words 
in EPROM thus requires two 2532s, ane containinas all the "add" 
numbered brtes in the Program, and one containing all the "even" 
numbered brtes. A total of 16 2532s may he inserted in the' 
sackets Pravided on the Raster Processar card. 


A special mappings is Provided for canvenience during Pracessor 
startup. When external Reset is applied, the 463000 fetches its 
stack Pointer and prosram counter as twa 32-bit werdss fram 
addresses 000000 and 000004,—respectively. The EPROM circuitry 
maps addresses \@00000- vand “800004 » into this space. Thus» the 


First two lene words. in EPROM ‘Should cantain = initial values 
of stack Pointer and Program counter. 7 
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IMAGE MEMORY 


Imase memory an the COC 7900 consists of from one toa sixteen 
Refresh Memory cards. Each Refresh Memory card, or plane, 
contains 128K bvrtes of dynamic RAM. The bits on these planes 
are maniPulated by saftware to Pproduce hish-resolution Bitmap 
images. Then» the infermatian in the planes is breusht out 
through the image control lesgic and the Calor Lookue Table, ta 
Praduce an image an the screen. 


Ali areas of the memory map designated as imase memaryry are 
Protected against Bus Errors. Resardiess of the number of 
Planes installed in the image memory af a 7900 system, it is 
impossible to receive a Bus Error from image memary accesses. 


The CGC 7900 provides several wavs ta address image memory. 
Fach of these methods is discussed in turn. 
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PLANE MODE 


In Plane made» each plane of imase memory is accessed as an 
independent 128K chunk of memory. Writings a brte» words, or loons 
word into the imase memory in Plane mode will write only into. 
that plane. Plane mode addressina is eanivalent toa the war 
memory is addressed in most comeuter systems, and is the same_ 
way that Buffer Memory is addressed in the 7900. | : Se Sas 


Plane mode addressina begins at address COQ000 and ends at 


_  DFFFFF (hex). Each plane occupies 128K brtes. The planes are 


numbered from 0 to 15, althaush many systems will not have all 
Planes installed. In particular, mast systems wilt he 
configured in ane of the following wars: 


| Total Planes In System | Plane Numbers Assisned 


| ee ee ee ee eee © 

4 - Or1,2,7 

Si Vi ceeeereaeeeO thru 7 
16 — DR AS 


Plane 7 is normally assigned for use as the "blink” Planer so it 
is important that a Plane 7 exist in all but the most hasic 
systems. | <4 7 | 
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2 MODE 


Z made is ane af the two special modes provided for accessing 
imase memory planes. 


Cansider the imase memory to be arranged as a set of 14 planes; 
ane in front af anather. Each plane cantains 1024 x 1074 bits, 
or 128K brtes. Each pixel an the screen is represented by a 
sinale bit from each of the 16 planes. Z mode allaws the 
Processor to write a 16-bit word ta memory, and have each hit 
fall inta the corresPandina lacatian of its Plane. 


For example. consider an instruction toa write the first pixel in 
image memary (the upper left corner af the screemn)s 


MCIVE.W #PixelGata, ZScreenStart 


Bit 0 of "PixelData" will be maved inta the first bit of image 
Plane O. Kit 1 will be maved into the first bit of imase plane 
i, and sa om. The Z mode hardware allows writins ta individual 
bits, without the problem of madifvins adjacent bits in each 
Plane. 


Z made addressins aeccurpies a full 2 Mesatytes at the address 
SPACE. It begins at address A00000 and ends at BFFFFF. Nate 
that since only 748 lines af the image memory are visitle at a 
time, the pixel addressed at BFFFFF is not narmally visible. 
The tast visible pixel of image memory is addressed at B/FFFF 
(assuming pan and zaam are nat in effect). | 


In Z mode» no assumptions are made cancernina the number af 
Planes in a system. If a Plane does mot exist,» any bits which 
should be written into that plane are simply thrown away. When 
ading back data in Z mode. any bits which shoul ¥ rcs 


Se eihialin ane daaialil 


non-existant Planes will te returned as tagical hishs, er anes, 


t 


Zmode access ta individual planes is restricted by Flane 
Select. Plane Select is a 16-bit Tatch, located at address 
E400i2. If a bit of this latch is a ane, the correspondins 
Plane is enabled. If a bit is zera, the plane is disabled. 
Disabled planes may not be written into using Z made, and 
readings from them in Z mode will return aiozera in the bit 
Positions of the disabled planes. In this ways non-existant 
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planes may be masked using Plane Select so that bits returned 


from them will be zeros. 
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COLOR STATUS MODE 


oth ae —_———. 


Calor Status mode provides a very fast war to write calor 
information inte the _imase memory planes. Color Status occupies 
1iZ78K brtes, the same area one imase elane occupies in Flane 
mode. Calor Status mode is mapped fram EQQ000 toa E1FFFF. This 
is a "write-only” area of memory. Attempts to read from this 
area will be: greeted with brtes of all FFs. 


BKefore usina Calor Status mode; it is necessary toa loaad the 
Calor Status Faregroaund and Backesraund latches. Each af these 
contains a 16-bit number. Color Status Fareesround is lacated at 
E40016. and Color Status Backsroaund is at E4001&. Each of these 
should be loaded with the 14-bit auantity vou wauld write inte 
imase memery if vou were usings Z mode addressins. For examele, 
if the forearound af the pattern vou are writins requires calor 
number S. vou would lead the Calor Status Foresraund latch with 
5S. Similarly», Color Status Backesreund misht be loaded with 
colar number O. (These numbers refer to entries in the Color 
Lookure Table. ) 


After laadins the latches, vou may write toa the Catar Status 
area af memory. Each bit vau write will affect a single pixel 
ef the image, one tit in each af the 14 imase planes. If vou 
write a bit which is a1. the pixel will be written in 
foresraund colors as defined tyr the Color Status Foresraund 
latch. If a bit is 0, the Pixel will be written in backeround 
colar, defined by Calor Status Backaraund. in 


For examples ta make the first 32 pixels af the screen white: we 
miaht execute the fallawina cade. 


FareG Ett $E400146 Foreasaraund latch 

RackG Ertl S$E4Q001& Backeraund latch 

ColStat EGU $E00000 Calor Status mode starts here 
MOVE.W #7,ForeG set up FG Calor Status 


(assume colar 7 = white) 


WRITE MOVE.L #$FFFFFFFF,CalStat write 32 bits of anes 
24 re rae | ; 


: GLE A'S 
Cel G85 f Vig ge Ona OEE . 

The sinsle instruction at label WRITE modifies the color af 32 

Pixels. The same operation would reguire 32 writes in Z made; 

er 146 writes in Plane made (ta write all 14 Planes). 


' - " 
SPE Se bag 
np ’ 


ET cs "ie Reennnen Wee ae ee : a 


‘The Por towins Sante will ante an alternatins series of 32 red 
ands sreen pixels into the first 32 Pixels of the screen, © 


z. oa eae nae foresround color = 4 
ene — make backsround color = 2 
- ie + _oaeeee 4 = red, 25 green) 


MOVE.L ##AAAAAAAA,ColStat asbemibinediad bits | 


Color Status mode allows writings bytes, words, or Jans words, to 
modify 8, 16, or 32 pixels» respectively. | 


The image memory Planes are srouped into two sets «af 93 planes 
each. Each of these two sets may contain an image,» and Plane 
Select is narmally used ta decide which of the two is written’ 
into when a 16-bit Z mode write is Performed. When. writing with 
Color Status, it may be useful to write both images with the 
same color (otherwise one image would be written with zeros). 
To prevent this problem from occurring, always load the Color 


Status latches with the same number in the upper and lower 


brtes. Following this rules our first example above must be 
corrected to cantain the statement | 


- MOVE.W =#$0707,ForeG set up FG Color Status” 
nk 2 DA 7 (assume color 7 = white) 


— (Copying the lower byte inte the uprer byte of the latch 
information.) | : | ey 
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COLOR LOOKUP TABLE 


“he Color Laakup Table cansists of 254 lacatians>, each of which 
iwilds a 24-bit mumber. Eisht of these bits determine the red 
‘omPonent of a calor, eisht for greens and eisht for blue. a 
>ixel in the Bitmap (imase memory) is siven a calor by summins 
‘he bits in whichever set of & planes is heins viewed (vieiahted 
‘inary sum)» and the resulting value points to an entry in the 
“olor Loakure Table. The color components in that entry af the 
‘olor Lookup Table provide the color af that pixel. 


"he table is arransed as 2256 loons words (1K bytes), startine at 
t\ddress E30000. Each lons word is orsanized as fallows: 


Bits 31-24 24-16 15-8 7-0 


The fish byte (bits 31-24) af each entry are undefined, sao they 
‘ead out as FF hex. The next & bits set the red intensity, 
Fallawed hy aereen and blue. 


The Color Laakup Table mar te read ar written at any time. 
falues written inta the table are mot used on the screen until 
the mext vertical retraces sa it is nat useful to write a sinate 
entry mare than once per Screen scan (1/40 secand with 460 He 
Pawer). Writinea ta the Calar Loakurp Table at any time will not 
rause the display ta "slitch." 
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COLOR LOOKUP TARLE ADDRESSES 


E30000 52 E300D0 104 E201A0 156 £30270 208 £30340 


Es00n0 — 


208 


F30340 


ie) | 
1 £30004 53 E300D4 105 E301A4 157 E30274 209 £30344 _— 
2 €30008 54 E300N3 106 E301A8 158 E30278 210 E3024 
3 E3000C SS E300NC 107 ES01AC 159 E30270 211 E3034C_— 
4 E30010 S6é ESQ0EQO 108 E301B0 140 E30280 © E30350 — 
S £30014. ES00E4 109 E3S01B4 141 E30284_ 3 £30354 — 
6 —E30018 58 ESO0ES 110 ES01BA 162 £30283 — E30353 — 
7 E3001C 59 ESOOEC 111 E301BC 1463 ES028C 215 F3035C 
8 £30020 9 ESOOFO 112 EBO1CO 144 E20290 © bh ER0360 — 
9 E30024 1 E300F4 113 E301C4 165 £30294 E30364 
0 £30023 -ESO00FS 114 F301CB 1466 E30298 E20242 
— E3002C | ES00FC 115 E301CC 147 E3029C_ ) E2034 
E30030 64 E30100 116 E30100 1468 E302A0 9 F30370 
3 £30034 E30104 117 E301D4 149 E302A4 F30374 
E30038 E30108 118 E€30108 170 E302Aa E30:378 
5 E3003C E3010C 119 ES01DC 171 E302AC 223 E3037C 
E30040 | E30110 120 ES01EO 172 E302R0 E20380 
F30044 49 £30114 121 ES01E4 173 F30284 5 F30384 
. £30048 © EF30118 122 E301E8 174 E202R8 — 6 EROSSS 
9 E3004C 71 E3011C 123 ES01FC 175 F3078C 7 £3038C 
E320050 | E30120 124 ES01FO 176 FR02C0 8 FR0R90 
E30054_ E30124 125 ES01F4 177 E3024 9 E30394 
E30058 _ E30128 126 E301FS3 178 E302C8 O F30398 
3 E3005C E3012C 127 ES01FR 179 E302Cr 1 ERO39C 
£30060 E30130 128 £30200 180 EF302n0— 2 ER0200 
E30044 E30134 129 £30204 181 E302N4 33 F3203A4 
E320063  FE30138 130 E30208 £182 E202ne 24 ES03A8 
£30060 9 £20130 131 FE3020C 183 ER02nc 35 F303AC 
£30070 _— E30140 132 £30210 184 ERS02F0 36 EROZBO. 
E30074 $31 £30144 133 E€30214 185 E307E4 37 ER03B4 
30 E3007 2 E30148 134 E0218 186 F302E8 28 F303R3 — 
31 €3007C0 33 E3014C 135 E3071 1987 ER02EC 29 E2038C 
IZ E30080 — E30150 134 E320220 188 E302FQ 240 Eso032C0 
33 £30084 E30154 137 E30224 189 E302F4 —  E30304— 
4 £30088 E30158 138 E30228 190 Es02Fa_ E2023ca 
35 E3008C 987 E2015C 139 E3027C 191 E302FC ER203CC 
34 E320090 — F30160 140 E30230 192 E303200° E320an0 
37 £30094 E30164 141 £30234 193 E30304 | F303N4 
E30098 90 £30168 142 E30238 194 E30208 244 £30303 _ 
-E3009C 91 E3014C 143 E3023C 195 E3030C 247 E3030C 
- E300AO 92 E30170 144 E30240 196 E30310 E303E0 
1 E300A4 93 £30174 145 £30244 197 E30314 E30364_ 
. E300AB 94 E30178 146 ES0248 (178 £30318 — E303E3 _ 
3 E300AC 95 E3017C 147 E3024C 199 E3031C 251 E303EC 
4 E300B0 96 ESO1SO 148 E30Z50 200 E30320° E302F0 
5 ES00B4 97 E30184 149 £30254 201 £30324 253 E303F4 
6 F300BS 78 E3018& 150 E30258 202 E30328 54 €302F3 
/ ES00BC 99 EB018C 151 ESO025C 203 E3032C 255 E303FC 
43 ER00CO 100 £30190 152 E20240 204 £30330 _— | 
9 F300C4 101 £30194 153 £30264 205 E30334 
SO F300C8 -EB8019& 154 £20248 204 E30233a 
L F300LC — E3019C 155 F202640 207 E3033 
} EBO1AO 8154 E30270 
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QVERILAY MEMORY ANDRESSING 


he Qverlay consists af 4080 character cells, arransed @5 per 
ine and 4% lines. Each cell is addressed as a loans word (32 
its). The Cverlay is mapred from addresses E38000 to ESRFRC. 


ach cell af one ore ahaa a of the 32 bits allocated for it. 
ri Cot o te vy ee : feast — 


bk 
{ 
31 30 29 28 27 26 25 74 23 22 21 20 19 168 17 «16 


CURT BLK: ' VF i VBI ' 7 PL ' : ; ' : BR: BG: BR: 


BOONE FEED TEED QUAP GENT GEE GEES EIEN) GES GaEw <ce5D GED GEG GSES ED SEES GEES EERE) CED GHEGD GREED GENS SEIS GIES CRUD @00ED EXITED SEES OEP Goo ante GENE ate anwe qo GEE emt eee ome ene Gee cue aren GED RED ae GHD cae EE) G5EED SURED censt gEIOO GEOD eae CS CR CE GED G=EN GaEEP CHEID-Gooe axe 


CE UD ERD A7ED I CREED GTGS CORE CREE? Gly GEG? CWE GED GE? COP GEE? STS GEN SADT: GED CAD GAD THUR AED GEE) SOO GERD GERD COED GREED GEED GURU GIN) GREP GIN GENE GUS OG5S GAN EEE. GREED CONS eve ETERS CED GAN GPA) GERD SEED OCUED CAE GTR Goes SES CRD GER Gt aE ED eee cee ae Ge ae 


——— ee 


CUR Places a cursor in the cell if SET 

BLE blinks the foresrnund character in the cell if SET 

VF makes the faresround visible if SET (else transparent) 
VB makes the background visible if SET (else transparent) 
PL uses bits O-7 as PLOT DOT descriptor if SET (else ASCII) 


favcan 


BRR turns an Red in tbacksraund if SET 


RG turns an Green in hackearaund if SET 
BER turns on Blue in tacksraund if SET 
FR turns an Red in foresraund if SET 

FG turns an Green in farearnatnd if SET 


FR turns an Blue in hacksraund if SET 
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ease ‘Sep Soterereteg: be scmumier eR weet 


If PL is CLEAR, ‘enlvine ASCIL characters): bits 0-6 are used ee 


select an ASCII character. If bit 7 is CLEAR, the character 
will he taken from the standard ASCII character ROM. If bit 7 


is SET> the character will be taken from the alternate character 
set ROM. | | | . 


If PL is SET. implying Plot Dots, each of the bite O29 “45. weed 
to turn a Plet Det on or off. The dats in each character cell 
are arransed as followss _— _ | | 


a ae we 


8 
| 
1] 
i 
J 
f 
8 
t 
oo 
j 
$ 
d 
t 


we 8 we Be we Oe 


ee) ee ee’ 


The Plot Dots above are numbered to correspond with the bits 
which control them. If a bit is SET», the Piet Dot associated 
with that bit will be in foresround color, as determined br FR> 
FG and FB. If a bit is CLEAR, the associated Plot Det will be 
in backsround colors determined by BR» BG and BB. 
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OVERLAY CHARACTER CELL ADDRESSES 


Line Na. First Cell Last Cell 


1 E38000 E33150 


Zewneccce cs eB SRIS4. www een e cE SAZAS 
3 E382AS ESS3FS8 
Bewnecee ne ec ESSEC. wee e eee ce oF SOU4l 
— E33550 ESB4A0 
Gewccvces ce cE SOOAS. cere eee ee ESS/F4 
7 ESS7FS E38948 
Bee sere ce eB SOIRE,. secre nee AESSAIC 
9 E3SAA0 ESSRFO 
VO. we cece ce eR SSBFS. wee eww ee PE SRIIGG 
11 ESSD43 ESSE9S 
L2eccenn cee cE SOEK. eae e eee eR SOFEC 
13 ESSFFO E39140 
Vawwcmenc eae EPI 44, wee cee ee ARI ZG4 
15 E392983 ESY3ES 
LGanccnce ee cE SISGEC. wc cc cee ne er 
17 E39540 E39690 
Www wncnca ee LSIOG4. ccc ceca en 2 ESVIES 
19 ES97ES E399 33 
Zecca racce cL SPIE, cane cee e nL SPVASC 
zi E3S9A9O ES?BEO 
ZZeanneseer cE SPHES4s. scence ee ee PUG 
23 ESID3S ES°%ESS 
ZA acccce ene a BPE RE. cane ee ee cE SPF DC 
25 ES%FEO E3A1°30 
Zheweneccer cE SALS4. we ce nee e HE SALES 
27 ESA233 ESA3D& 
Zor wesc e eee se LOASIC, ce cee eee AE SATZLE 
29 ESAS30 ESASSO 
BO. ewe w cee e cE CAGSA,. peewee eae ee A/G 
31 ESA7D& ESAYZS 
SZacvcecree cE GAFZO. eee nc eee eR SAA/C 
3S ESAASO ESABDO 
Shacwenee ee sR SARIS. peewee es oe SALIZS 
3S ESAD2Z8 ESAE/S 
SOeccercese cE SAECO. co eee ce se eESAFCE 
37 ESAF TIO F3B1i20 
SGeesvcneen cE SBI 24. wee ences @ESR274 
39 ESB27& E3B-3C8 
BOn nce cccee ESRC. peewee eee ESRI 
41 ESBS20 E3B6é70 
BZewneccve ee RE SHO/4, weer eee es pe SRIC4 
43 E3B7CS E3B918 
Ba wwe wceeee ESRI. wee cee ee eESBACC 
45 | E3BA70 ESEBCO 
Bbwcrneneve cE SRRC4. wee eee ee pe SREII4G 
47 ESBD1S E'SHES6S 


BE wc ewe ene spESHEGC. eee eee ee ESRF 
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HARDWARE LATCHES AND CMOS/STATIC RAM 


he area of memery from E40000 ta ESOFFF- serves several 
ureoses, First, the CPU card contains 4K bytes of memoery at 
hese addresses. . This will either be static RAM (2114) or CMOS 
AM (6514). CMOS is only installed if vour system contains the 
Ptianal tattery hackurp surPPly» which allows the CMOS ta i store 
nformation while system power is off. 


ecand>s several system features use hardware latches mapped oanta 
he same addresses as RAM. Writins to any of these addresses 
ill write into both RAM and the tatch. Readina fram the 
ddress will not affect the latch, but RAM will resreond with the 
reper information. 


—f CMOS RAM is installed. the eroacedure for canfisurina these 
atches at Pawer-up is simple: Read the RAM and write the data 
ack inta the same address. This will cause the latches ta 
esume the state ther had when the CMOS RAM was last written. 


Address Function 
E40000 Bitmap Roll Counter 
E40002. .eeeeeX% Fan 
E40004 Y Pan 
E40N006.ccceceeX and Y Zaam 
E40008 Unused (reserved) 
ESQ0Q00A. .eanee Lised 
E4000C By 
ESQQO0E...e.2e,Raster Pracessoar 
E40010 Blink Select 
E40012..2ece2eeFiane Select 
E40014 Plane Video Switch 
E40016....22.-Calor Status Foeresround 
£40018 Calor Status Backaraund 


E4001A....22¢2-Qverlay Rall Caunter 


This area of memory is alsa the default area for user-defined 
function keys. Function key definitians are stored in the uprrer 
2k oof this memory, sa the definitions can be maintained by the 
bhattery-backed CMQS RAM (if installed). If the user requires 
more than 2K for his function kev definitions, the function kev. 
buffer may te moved with the "Thaw" command. | a 
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- The ‘Bitmar Roll Counter: is a. 10-bit “atch at. address E40000 
The value stored in this latch is left-shifted by 10 bits,» an 
added (modulo 2°20) to ANY address in the Z mode of Bitma 
memory: durins any reads writes or screen refresh access to th 
Bitmap. This latch has the effect of determinina which physica 
set of RAM bits will be accessed by addresses A00000 thru Ad003F 
(the top raster line of the Bitmap). * : ae 


| Since the value in this latch is added durins ali 2Z 

mode accesses to the Bitmap, its function is 
transparent to the CPU. ret eee the CPU can always 
read and write to AO00000 as the first pixel on the 
Bitmap. | | oe | 


This latch is iseful for hardware scrallins the Bitmar. If th 
current Bitmap character heisht. is N. Pixels, addins N toa th 
Bitmap Rot] Counter will have the effect af maving all pixels o 


_ the screen up N raster lines (one character line). Then — th 
software need only erase the bottom line af the Ritmap, and th 
serollins is camplete. Scrollins down is accomplished b 


decrementins the Bitmap Roll Counter. 


The Bitmap Rall Counter is independent of the Y Pan resister 
although both latches have the ability to cause the Bitmap imas 
to scroll up and down. Alterina the Y Pan resister causes 
siven Point on the screen to have a different address in memary 
alterins the Bitmap Rall Counter will never chanse the addres 
which ecerresponds ta a siven screen location (althoush it wil 
cause a different RAM ae co ‘a associated with that lecatian) 
See "Y Pan.” | 3 | 
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X PAN 


he X Pan resister is a 10-bit latch at address E40002. The 
alue in this latch is added (madula 1024) ta the screen refresh 
ddress counter as each line of the Bitmap is heins displaved an 
he screen. The X Pan resister has the effect of determinins 
here the left edge of the image (the vertical calumn caf pixels 
etlow the pixel at AQOD00O) will arrear on the screen. 


NOTE: The lawest 2 bits af the X Pan resister are NAT 
sianificant. xX Pan will only allaw the imase ta he 
moved in increments of 4 pixels. You must increment 
or decrement the X Pan resister byr at least 4, in 
order ta alter the screen display. 


t is desirable to sync Pan te vertical retrace, so that 
JTterins the Pan resisters (X Pan and Y Fan) wilt mat cause 
tearins" af the image. — 
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Y PAN - 


The Y Pan resister is a 10-bit | latch at address | £40004. | The _ 
value in this latch is left-shifted by 10 bits, and added 
(modulo 2°20) to the screen refresh address counter as each line. 


of the Bitmare is being displaved on the screen. The ¥ Pan 


resister has the effect of determining where the top edse of the. 
imase (the horizontal row of Pixels addressed from A0d00000_ oe 
AOOSFF) will appear on the screen. a | a a 


All 10 bits of the Y Pan resister are  sisnificant. Since the. 


. lowest two bits of the X Pan resister are NOT significant, 


diagonal pan mav be accomplished oe incrementing both X Pan = and 
YY Pan in sters of 4. 7 : 


The Y Pan register has an especially important use. Recall that 
the screen only displays 743 lines, but there are actually 1024 
lines of pixels in the Bitmap memary. Incrementins the Y Pan 
register allows the remaining 256 lines to become visible. 
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xX AND Y zOOM 


he X and Y Zaam resisters are addressable tasether by 14-bit 
crd aperations, or individually S-bit btyvte operations. xX 
oom is a 4—-hbit resister at | £40006 and Y Zaom is a 4-bit 
easister- at (£40007, 


he CGC 7700 Performs zaom ty Pixel maanificatian. With na 
cam: the X and Y Zoom resisters are bath zera, and each pixel 
nhmemoryr is refreshed ta the screen anly ance. This Pravides 


he default canditians of 1024 pixels per horizantal lines and 
6% lines visihle. If each Pixel in memory was brousht aut ta 
he screen twice, there would be room far only Siz af them = an 
ach screen lines this corresponds ta an X Zacm factor af tua, 
nd occurs when the X Zaom resister cantains the value 1. 


f each line af pixels is trausht out to the screen twice» each 
dat" placed on the screen would be twice as tall as bhefore. 
here would then be raam far anly 384 lines af information, with 
ach line twice its Previous heisht. This carresponds ta a Y 
eam factor af twoe and occurs when the Y Zoom resister cantains 
he value 1. 


In general, the 4-bit cantents af a Zaam resister is 
ane less than the current maesnificatian factor. The 
hishest maanificatian prpassible is 16 times, which. 
accurs when ane af the Zaam resisters cantains the 
value 15. 


hen zoom is in effect, not all af the pixels if memory may he 
jewed an the screen at a time. The X Pan and Y Pan resisters 
etermine what area af the memory is viewed. Ther coantain the 
ixel number an the line, and the line number, of the first 
ixel Placed an the screen. 


t is desirable ta syne zeom ta vertical retrace, sa that 
lterina the Zoom resisters will mot cause "tearing" af the 
MmMaae. 
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BLINK SELECT 


memory s numbered om thru 15. 


ac: rae ie in the latch is. SET, the information fram the 


_ -Blink Select is a 16-bit latch at address £40010. Fach bit of 
the latch corresponds to one of the 14 Possible planes in Bitmap) 


correspondins plane is masked to zero and unmasked at a 1.7 
hertz rate. This causes a pixel containing that bit to chanse 


color. numbers (Point to a different colar in the ‘Lookup Table). 
oe eee): then chanses SoNece at i. ca hertz. > i} 5 * 4 


Ob a eit: in: thw Yates 46 COE. xi ‘information from the 


 corresrPandins Plane is not altered by the Blink Select latch. 


NOTES Blink Select should only. be read or written 
usinas word (16-bit) operations.— | | 7 
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PLANE SELECT 


lane Select is a 16-hit latch at address E400127. Each bit of 
he tatch carrerands ta ane of the 16 possible Planes in Bitmae 
emorvs numbered O thru 15. | 


\ 
‘lane Select cantrols Z mode access to the Bitmap planes. If a 
at in the latch is SET, the Z mode hardware is allowed ta read 
nd write infarmatian in that Plane. 


f a bit in the latch is CLEAR, the Z mode hardware will nat 
rite into the: carresrpandina plane. Readina a Pixel im Z mode 
i171 cause the correspondins Plane to show up as a zero tit. 


NOTE: Plane Select should oanly be read or written 
usins word (14-bit) aperations. 
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Plane Video Switch is a 16-bit latch at address 40014. Each 
bit of the latch corresponds to one of the 16 possible planes | in 


‘Bitmap memory, numbered O thru 15. 


Plane Video Switch determines ‘which planes are allowed to feed 
the Color Lookup Table. If a bit in the latch is SET» the Plane 
is enabled to feed the Lookup Table normally. | 


If a bit in the latch is CLEAR, the information in the plane is 
masked to zero before feedings to the Color Lookup Table. This— 
restricts the total number of available colors in the system, 
just as if a plane had been removed fram the system. | 


NOTES Onty & Planes at a time feed the Color Lookup 

Table. An image may be composed of up to 8 planes,» 
either plane numbers O thru 7» or numbers 3 thru 15. 
The Imase Select Switch (see "Overlay Rell Counter") 

determines which set of & planes is heins viewed. 


NOTE: Plane Video Switch should = anly be read or 
written usins word (16-bit) operations. . 
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COLOR STATUS FOREGROUND /BACKGROLING 


‘alteor Status Foresroaund is a 16-bit latch at address E400164. 
‘miler Status Backsround is a 16-bit latch at address E40018. 
ach of these cantains 16-bit pixel data, used when writina ta 
he Bitmar memory in Color Status mode (addresses E0OO0000) thru 
ILFFFF). 


ee “Image Memary Addressine —-— Z Made" for details an the use af 
‘hese reaisters. 
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The Overlay Roll oer isa latch at address E4001A. ‘The Tow 
12 bits are used for Overlay scrolling, and the _ nner s 3 bits. 
7 nave special uses as discussed below. a8 ge Pe 


The Overlay is an area of memory containins 40946 lang words (32 
bits each). Of theses 4080 are visible on the screen at ane. 


times arranged $5 horizontally br 43 vertically. The law 12. 


bits of the Overlay Roll Counter decide which of these 4096. 

locations is considered as the first character cell of the 

 Qverlay» br addins the 12-bit value» madulo 4094, to any address 
which tries to access memory in the Overlay address space. | 


By alterina the Tow 12 bits of the Overlay Roll 
Counter» you determine which Physical RAM IJlocation is 
addressed as the beginnins of the Overlay. As far as 
the CPU is concerned,» however, the first cell of the 
Overlay is always addressed at E3ao0oo. 


The Overlay Roll Counter is primarily useful for  seroalling. Ber 
adding $5 to the lawer 12 bits of the latch,» the apparent effect 
is that every line of characters on the Qverlay screen has maved 
uP one Tine. Then» the software need only erase the last Tine 
of the Overlay (which is in a kneawn location in memarry) and 


 gserallins is complete. Scrolline down is accomplished bev 


subtracting 35 from the low 12 bits of the Overlay Roll Counter. 


It is- not necessary to scroll a line at a time. If the Tow 12 
bits of the Overlay Roll Counter are incremented by one: every 
character on the screen will move tleft one position. The 


- gharacters at the besinninge of each line will move to the end of 


the Previous line. The first character an the screen wil] move 


inte the t6-cell area that is not visible. 
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IMAGE SELECT 


(it 13 af the Overtay Rell Counter (E4Q001A) is the Imase Setect 
iwitch. If CLEAR. Bitmar planes O thru 7 are selected as the 
mase toa be displaved in Ritmar. If SET, Planes & thru 15 are 
‘elected. 


QVERLAY CURSOR BLINK 


sit 14 of the Overlay Rall Counter ‘(E4001A) determines whether 
‘he Gverlay cursor will blink. If SET. anv Averlayr character 
“ell with the cursor bit an will cantain a blinking cursor. If 
“LEAR, CUverlay cursar(s) will not blink. 


iverlay cursors are Praduced by hardware, sq their color is 
rlwavs white. 


CVERLAY CHARACTER BLINK 


it LE of the Overlay Roll Counter (ES4001A) determines whether 


the Civerlay characters are altowed toa blink. If SET; ary 
iverlay character cell with the blink hit an will blink 


(forearaund catar witt blink ta tackearaund). If CLEAR, Tres 
tTharacters in the Overlay will tdlink. 


[ff this kit is clear. the blink bits in each Civerlay cell may he 
used far ather Purpases, such as a flaa for Pratected fields = an 
the screen. - 


RPA ST SIERO Pa MINS hans an fellas Ceci tS a SME cient asl i TB, Sal Sk RNS cag ce adeeb ae 


* 
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T/O MAP 


eripheral input/fautput is marred inta the last 32K of memarvr:, 
esginnins at address FFSO0O. 


FFEOOX RS-232 Serial Fort 
FFSO4X RS-449 Serial Part 
FFSEOSX Kerboard 

FFSEOCX Jaystick 

FFS10OXx Disk 

FFSR14X Hezel Switches 
FFEI&EX BRaud Rate Generator 
FFS1CX Keal Time Clack 
FFSE20X Interrupt Mask 
FFS?4Xx Bus Chie Select 1 
FFS2Sx Bus Chie Select 2 
FFS2(X Bus Chie Select 3 
FFE30X Bus Chie Select 4 
FFa34X Bus Chie Select 5 
FF SEAS X Rus Chie Select 6 


FF Sa X Saund Generatar 
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SERIAL PORTS 


‘The RS-232 and RS-449 serial interfaces are located on 
ecard. Peripherals connect ta these ports through 


D-type connectors on the back of the CPU card. — 


“The RS-232 and RS-449 ports are marred identically. 
confisured with an Intel S2Z251A USART. | | 


--«RS-232 Serial Port 


Data resisters FFSOO1 
Control/Status resister: FF3003 — 


 -RS-449 Serial Port 


Data resister: : ss FFRoO41 
 Cantrol/Status resister: FFSO43 


e 


Page 36 


the cPU 
standard 


Fach is 


NOTE: The serial Ports should be accessed only through 


byte (83-bit) operations. 


The user is referred to Intel literature for details an 


ss Programming the S251A. 
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SERIAL PORT PINGUTS 


RS-232 (25-pPin cannector ) 


Pin # Sieanal Descriretian 


2 Tx Transmitted Tiata Cautput) 

3 RxD Received Data (input) 

4 RTS Request To Send (output) 

par CTs Clear Ta Send (input) 

& DSR Tiata Set Ready (Cineut) 

7 Gnd Signal Ground 
Za) CiTR Nata Terminal Ready (Cautput) 


CGither Pins are nat connected in the 79700, 


RS—-449 (37—Pin cannectar ) 


Pin # Signal Tiescriptioan 


4 Slti-A Send [lata Cauteputs equiv. ta Txt) 

vt Sli-H 

bx RIIi-A Receive [ata Cineut:s equiv. tea Rx) 

24 RU-EB 

7 RS-A Reaquest ta Send (Cautrputs equiv. ta RTS) 
2a RS-B ; 

g CS-A Clear ta Send (Cinputst equiv. ta CTS) 
27 CS—E 

13 [IM—-A Data Mode Cineput? esguiv. ta nse) 

29 DM—-& 

i3 RR-A Receiver Ready Cautrputs equiv. ta TTR) 
41 RR-H ee 

is ™ Test Meade (inruts equiv. to TISR) 

20 RC Receiver Camman Cused for TM anly) 


Cither pins are nat cannected in the 7900. 
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INTERFACING RS-232 AND RS-449 

Both RS-232 and RS-449 are specifications for intercaonnectins | 

data equipment. Originally desisned for connecting ai terminal 


ta a modem: these two "standards" are now applied to 
intercannect a wide variety of data systems. ie 3 | Se 


RS-449 is a more recent specification. It is desianed to he 


upward compatible from RS-232, so that RS-232 systems can 


interface to RS-449 with a simple wirins change. RS-449 altlous 
much lenser cable Jlensths between systems, as it employs 
balanced line drivers and receivers for greater noise immunity. 
RS-449 also allows higher data rates, althoush the CGC 79700 
limits data rates to 19:200 baud (this insures campatibility 
between the RS—-232 and RS-449 systems. ) | 


R35-449 cutputs may be fed ta RS-232 inputs. The 
"high" side of the RS-449 output driver should = be 
connected ta the RS-232 input receiver. The "Tow" 
side of the RS-449 output driver should be srounded. 
The "“hish” side is termed "-A" in the Pinout chart. 


RS-232 outputs may be fed to RS-449 inputs. The 
RS—-232 output driver should be cannected to the "high" 
Side of the RS-449 input receiver. The "law" side «af 
the RS-449 input receiver shauld he connected to 
RS-232 signal grounds, Pin 7. | 3 


In these confisurations, RS-2322 limits far cable 
Tensth and data rate must be followed. Cable Tensth 
shauld nat exceed 50 feet. — : | 
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BALID RATE GENERATAR 


he 79700 uses a WMoterala K11358Q Dual Baud Rate Generator, 
aPpable of epraducina two inderpendent clocks. fine af these 
lacks feeds the USART far the RS-232 serial part, the ather 
eeds the RS-449 USART. The output frequency af the Baud Rate 
enerator is 16 times the selected baud rate. The USARTs shauld 
€ Proarammed ta accept a 14x clock. 


his is a "write-oaniv” area af memaryvs the cantents af the BRG 
ar nat be read. 


lath baud crates are set simultaneanusly ty an S-bhit hyvte written 
‘a the Baud Rate Generator, at address FFS8181. The upper 4 bits 
letermine the RS-449 taud rates and the Jlawer 4 determine the 
(S-<232 haud rate, accardina ta the followings table. 


BKaud Rate 4-tit Value 


HOO. een aah 
1700 7 
1800. ween eS 
7900 y 
C4AO0. we ea eA 
3400 K 
BB00. 2 cee e 
7200 [i 
PO0O0. e2enek 

19200 F 


examePles ta set the RS5S-449 port ta 9400 £xhautd, and the Re-P52 
Pert toa 110 taud, daa 


MOVE.EB #$E 2, $F RF S181 


NOTES The Baud Rate Generatar shauld he accessed only 
throush byte (S—bit) aperatians. 
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_ Jevstick data addresses: 


Xt FFROC2 — 
Y: FFSOC4 


Z: FF8OCS 


The joystick incorporates a 10-bit analos-to-digital converter. 
The A-to-D can anly canvert ane axis of joystick data at a times 
and it requires approximately 25 micrasecands to perfarm 


canversian. | 


The procedure for reading a javstick axis is as fallows: Read a 
ward from the address listed for the desired axis. This selects 
the axis, and causes the A-to-N to hesin conversian. Then» wait 
far conversion ta accur. You can tell when canversian is 
_ complete by reading back hit 11 of the SAME address. OGr> simply 
wait for a time interval sreater than 25 microsecands. When 
conversion is complete,» read back the data. Far examples 


MOVE.L #$FFS80C2,A0 point AO to X-axis 

ee es MOVE. W (AO), D0 | select the axis and read data 
a BTST #11,00 |  canversian dane? | | 
BNE.S | LOOP | Aas SO wait 

ANDI.L #83FF,D0 = mask ta 10 bits 


When this routine exits» DO contains valid data from the 
Javstick X-axis. 7 | Re we ta | 
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he address you read from has the effect af selectina which axis 
f analaea data is sent ta the A-to-f converter. Hawever > 
eadina_fram any af the addresses ahove will return output data 
ram the A-to-[—l. Takine advantage of this fact, it is Prassible 
Go read data fram a previous canversion while beainnine the next 
aenversion,. For exameles | 


* 


MOVE.L #EFFE0C2,A0 Point ta X-axis 

BSR WAIT wait for canversion (as above) 
MOVE.L #$FFR0C4, AQ Paint ta Y-axis 

MOVE.W (AQ). DO read canverted X-value, and 


alsa besin canversian af ¥ 
ee @UCe ce 


NOTES Accessina any addresses other than those listed 
above may cause mare than Ore axis tos be 
Ssimultaneausly selected. The analtosa signals would he 
cambined in uneredictable wars. 


The Javsestick has the capacity ta Produce an interrupt whenever 
it is maved in any of the three axes. Tf the Jjavstick interrupt 
rit is unmasked (Cin the Interrupt Mask resister), mavina the 


jevystick “aff tae dead center" will Cause af interrupt. The 
iavystick cantinues to epraduce interrupts for as lone as it is 
“eld aff center in any of the three axes. Interrupts accur at 


ane af tuc rates. STau (approx. 10 hertz) is the narmal rate. 
ty Pressina the BEPEAT kev an the kevyvbaard, the interrupt 
"ate may he increased ta approximately SO hertz. : 


me - 
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BEZEL SWITCHES 
Bezel Switch datas 
Read (byte) from FFS141 
‘The states of all @ Bezel Switches are read simultaneously hv 


- peadings a byte from the Bezel Switch address. Bits O thru 7 
represent the conditian of the 3 switches. | | | 


Bezel Switch data is ACTIVE LOW. If a switch is depressed: the 
carresPondine bit will be ZERO. | 


Pressins any Bezel Switch will cause an interrupt if the praper 
bit is cleared in the Interrupt Mask resister. | 
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INTERRUPT MASK 


1@ Interrupt Mask is a 14-bit latch which determines 

iterrupts are passed thrauah to the 468000 processor. The 

5 loaded ty a 14-bit Ward written to address FFE?00, #£=’IThis 
grite-anly" latch. Prasrams which modify the Unterruet 

hould keep a capr of its cantents in RAM. 


he fallawina table describes which interrupt is affected 


what 
Mask 
is a 
Mask 


bey 


ach tit in the Mask. If a hit is SET. interrurts are INHIBITEL 


ram the carrespandinga device. 


Vector Addr. Mask Bit Tlevice 


lJ si eebwe eee oe Oi eu cara Ree] Time Clock 


110 1 RS-449 Tx Ready 
TSO, cece cccencatevsnesesKBINI 2 (F1-100) 
10C a RS—22327 Tx Ready 
LOS tee 6 ee we en Wea wee DISK 

134 | 5 BINT 3S (¢P1-102) 
114. pence ccnceeMeee nce BEZE!] Kers 

126 7 Kevtaard 

LT24, case nvennne ences es Ran 449 Rx Ready 
113 y Light Pen (F1-94) 
LBB. ween erence ltOeecen nee BINT 4 (F1-104) 
104 | 1] Javystick 

LOO. ecw eeneeenaldtaenee ane AVOrtical Retrace (P2-94) 
13sec. 13 RINT & (F1-104) 
Lt cen mcccannltAeaneeee BINT 1 (FI-98) 
170 : ew) RS-237 Rx Ready 


dere 1s the same informatian Coarganized ty vector addresses)s 


LOO, ce wee meen n td wnecae ee -VErtical Retrace (P2r-74) 

104 11 doystick 

108 6466 66ieie We Oe eee OTSk 

10L | 3 RS—-232 Tx Ready 

V1O, wwe meee cee lba encase Ran 44% Tx Ready 

114 & Bezel Kevs 

L1G. eww nevre eee ea Mean nsvveoeoliaht Pen (F1~-94) 

Lic 14 BINT 1 (P1-978) 

TZOccneannasneliiasnvreeehanmeae Ru Ready 

124 S RS-449 Rx Ready 

1 2Cis eed weer ea lewewe se Khevboard 

120 #) Real Time Clack 

TBO. censenersenLavsecsneHRINI 2 (F1-100) 

134 © = BINT 3 (F1-102) © 

WBS. wee we meee clue e nee e RINT 4 (F1-104) 
£86 * .. ~*° 13 RINT 5 (P1-106) 
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Five interrupt lines, are provided. on the bus for. peripherals to. 
Use. | 7 | | a . ee 7 a 


BINTL and BINT2. are in use by the 7900 system or are reserved 
for future use. BINT3,» BINT4 and BINTS are available for user. 
Peripherals. Each of these is Pulled-up on the CPU card. liser 
circuits should Provide an open-collector sate to pull down the — 


Tine to graund when an interrupt is desired. The line must 


- pemain low until the interrupt is serviced by the CPU. 


Signal Name. | Vector Address Bus Pin # Lise 
BINT1 ae  ~P1-98 System 
BINT2 | i300 P1-100 System 
BINTS ee kc, P1-102 ~— User 
BRINTS i239” P1-104 User 


BINTS | 130 7 P1-106 User 


When the interrupt is serviced» the processor will fetch the 
address of the interrupt service routine from the meme ry 
Tecations listed above. BINTs must be enabled and disabled 


through the Interrupt Mask Resister. See the Precedings page for 
nes bit See emery ee 


oon 
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BUS CHIP SELECTS 


ix tines are Provided on the system bus far selectina svrstem 
nd user Peripherals. Each of these lines will g0 LOW when the 
PPrepriate black of memory is accessed. 


231, BCS2 and BCSS are in use br the 7900 system or are 
eserved for future use. HBCS4, BCSS and BCS464 are available for 
ser Peripherals. It is sussested that the user completely 
ecode the law 6&6 bits af the address, in arder ta make efficient 
ise af the available address space. 


, black af 64 memary addresses is reserved for each Bus Chip 
select line. The table below lists the startina address far 
rach block. 


Sianal Name Black Address Bus Pin # Lise 
BCS1 FFS240 Pi-7%3 System 
BCS2 FFS280 P1-76 System 
BCS3 FFS2C0 Pi-75 System 
BCS4 FFS300  Fi1-7& liser 
BCS FFSE240 Pi-77 liser 
BCSS4 FFS280O Pi-S0 User 


Legaic an the CFL card pravides DTACK whenever BCS addresses are 
accessed: sa the user’“s devices da nat need tea assert this 
sisnal. | 


Atl BCS lines assert VPA. This allaws slaw Peripherals, such as 
MC4300 series devices, to use BCS lines far selectian. 
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_-«BESA ADDRESSES 


Several system peripherals are selected usins the signal BCS1. — 


ss These are the lisht pen, buffer memory parity functions» and 


sync information (vertical and horizontal retrace timing). — 


LIGHT PEN 
_ Enable Light Pens Write (word) to FFS240 
‘Write a t to enable blue flood, or O to disable it. 


Writings to FF38240 will enable the Tlisht Pen» or re-enable it 
froma previous "hit." If bit 0 of the data written is CLEAR, 
the blue flood is disabled. If bit 0 is SET,» touchins the light 
Pen will cause the Overlay ta flaod blue in areas which have the 
"Foreground Visible" bit set. After a hit» blue fleed is 
disabled until explicitly re-enabled. | 


If blue flood is disabled» only brisht blue ar white areas of 
the screen will be able to cause a lisht pen hit. | | 


After an interrupt, read back the location of the hit? 


X address: FFS242 | (0 <= X <= 1022) 


Y address: FFS244_ (0 <= Y <= 746) 


Fach address holds a 10-bit number» corresponding toa the 
- absolute screen coordinates where the hit was detected. Bit O 
af the number will always be zero,» so the effective’ resalution 
of the light pen is 511 br 333. © ne _ 


NOTE: Bits 15 throush 10 of the hit location will ~ 
float hish» and be read back as ones! | 


ae eas oe co 


NOTE! Lisht Pen addresses should be accessed only 
— throush ward (14-bit) aperations. | | _ 


1 
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SYNC ADDRESSES 


Read (ward) from FFSE24C 


1}? syne information is available br reading a word (16 bits) 
‘rom address FFS2Z4C. The bits reveal the followings informations: 


Bit Of Low durines vertical retrace 
Bit i: Interlace Flas 


Bit 2 Low durina horizontal retrace 


YI1 ether tits float hish. 


4it O is low while the CRT beam is teeing blanked durina vertical 
-etrace. The fallinae edse af this bit coincides with the 
Fallina edae af sianal VERT (P2-94 on the bus), and the Vertical 
“etrace interrupt, if enabled. 


Bit 1 is high durinas the first field af the interlaced display. 
Field ane is the field containina the first visible line af the 
CRT. This hit is low durinea field twa, the field cantainina the 
second line. 


Bit 2 is tJtow while the CRT theam is teins blanked durine 
horizontal retrace. 


se ec ean . oy : rs : sla : . 
ALI NOR SIRI A MEG SEITE BIE SEE ERG IIE: Tt EEE, LO IER SMILE RINED A OP OMI ESS Me SESAME TRAIT fe ES Ba Bn La, ONE St os BUNT OBTINEIR USA Ete Ee 


BUFFER MEMORY PARITY 
Read (word) from FF8246 


To check if a Parity error has been detected in a buffer memory — 
card, read a word (16 bits) from address FFS246. If bit O is. 
laws it means one or mare buffer memory cards have signalled an 


error. 


Parity flie—-flows 
Write (word) to FFS2428 


The Parity flip-flop is set or reset by writing a ward (14 bits) 
to address FFS243. Writing a ane toa this address sets the 
Parity flip-flop which generates an immediate bus error. This 
is used for testine the bus errar handling software. The 
software must read the other parity address ta see if the bus 
error was a result of parity, or ather causes. | _ 


To recover from a parity error, the software must reset the 
Parity flip-flor by writins a zero to FF&248, | 


NOTE: Each buffer memory card has a jumper which must 
be installed before parity checkins will function. 


NOTE: If parity checking is enabled, the saftware 

should write into ALL buffer memary when the system is 
Powered up. Otherwise, if a Program reads fram a 
location that was not previously written into, a. 
Parity error will result. | | | a 
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DISK PORT 


atas 


Read/Write (ward) at FFE100 


tatuss 


Read/Write (ward) at FFEIZO 


he disk part cammunicates aver & hidirectianal data lines and & 
antral lines. Hardware on the CPU card handles 146-hit data 
ransfers aver the S-bit Port. 


he CGC 700 disk interface was desianed ta accamadate an 
mntelligent disk controller, the Data Technolagsy Corporation 
4030. This cantroller uses ao protacal which reauires the 
antroaller ta take the initiative in mast exchanses of data. 
‘he CPL! selects the cantraller, after which the cantraller asks 
‘ar its instructions. 


Ihnen the CFU wants ta write data ta the disk, it first selects 
he disk br writina to FFS120. This sets Select law, and alsa 
ets [iata Bit O low. This disk controller recagnises this and 
isserts Busy law. Assertins Busy immediately resets Select ta 
‘the thish state. The controller will request instructians 
‘ancerninga the type of operatian abaut ta take Place, and the 
Fluo respands ty writings data. 


“he CPU writes its 16-bit data words ta FF&100. This causes 
\cknawledese ta sa low. The disk cantroller sets Request hish 
ind the high-order (mast sisnificant) brte is transferred ta the 
fdisk. When this first byte is accepted br the disk, it sets 
‘equest low asain and the low-order byte is transferred. 
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oe When the disk <Pontel ier has” data for the CPU, or needs 


«information from the CPU, it sets Message low which initiates a 


CPU interrupt. The CPU may then read the status of the disk 
controller to determine what is etn eet: Bits in the status 
register are defined as follows: — | | = 


15 they 6 5 4 +.}3 2 4 08 


Bit S is Ready» which is low when the hardware has assembled a 
14-bit word for the CPU to read. Other bits are as defined in 
the pPinaut chart (see followins page). | | _ 


3C 7900 Preliminary GEM Manual Faae Sj} 
DISK PORT PINGQUT 
he disk cannects toa the CPU card at connector "A", the hattam 
aonmnector an the card. The fallowing table describes the 
ignals an this connector. Cantral lines are ACTIVE taw iif 
ndicated with an asterisk (#). 
Pin No. Descriptian Dlirectian 
1 Data Bit O Ridirectianal 
Zz Tiata Bit 1 Bidirectianal 
3 Data Bit 2 Bidirectional] 
4 Data Bit 3 Bidirectianal 
re Data Bit 4 Bidirectianal 
6 Tiata Bit 3 Bidirectional 
7 Data Bit 4 Bidirectianal] 
S Tiata Bit 7 Bidirectianal 
4 Acknowledsex CPLI ta Disk 
10 Reset# CPU ta Disk 
ii Select# CPU to Disk 
12 Busy Disk to CPU 
13 Request Disk ta CPU 
14 Message tisk ta CPLI 
1s I*% / (1 Disk ta CPU 
14 Cx / Disk ta CPU 
17 Ground 
Reset# is an apen-callectar line. All ether autput lines are 
driven ty TTL tus drivers. Al? cantroal ineuts are terminated an 
the CPU card ty 220/330 ahm resistar networks. 
I#/O is used by the disk te tell the CPU whether the next 
exchanase is ta be an input or output. | 
C#/O is used br the disk ta tell the CPU whether contre! or data 


information is ta be exchansed, 
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REAL TIME CILOCK 


National Semicanductor MMS&147 Real Time Clack mav oaptianally 
€e installed in svour 7900 system. This device cantains 
egisters for manths, days,» etc.> dawn to milliseconds. A set 
f latches may alsa be programmed to eprodiuce an interrupt at 
elected intervals. - 


\ 


J1 access ta the Real Time Clack should the thrauah byrte (&—bit) 
Peratians. The values transferred to and from the clack will 
e in the form of twa BED values, cancatenated in an eisht-bit 
ivte. The followins table describes what the upper and tlawer 4 
its af each resister will cantain. 


iddress ec ce ewe m wwe eee se REeSister Cantents.cccceccvcennn 

(hits 7-4) (hits 2-0) aptly ed ih Se 
“FSICL thousandths ee (0-9) 
‘FSICSZ ~ tenths hundredths — Secands caunters (00-99) 
"-FSims . tens units , : (00-39) 
“FRICT tens units Minutes counter (O0—S9 ) 
“FRIC? tens units Hours counter (00-23) 
“FICK ; units Tlay af Week caunter (1-7) 
=-FRiCh tens units Navy of Manth caunter (1-31) 
“FSEICE tens units Manths caunter (1-12) 
PFSitit thanusandths 
FFSeiIns tenths hundredths Secands latches 
FFSinE tens units 
FFS1I07 tens units Minutes ltatch 
FFRiNng tens units Hours latch 
FFSINR units Tiay af Week latch 
FRSi Dn tens units Tay of Menth latch 


FFSITF tens units Manths latch 
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‘The following addresses in the Real Time Clock are used for 
command or status information (not BCD). oF | -_ 


FFS1E1 — interruet: status: Pesletes. & 
FFSiES interrurt control resister 


FFS1E5 counter reset _ 
FFS1E7 latch reset 


FFSIEB "50" command 
FFS1ED_ standby interrupt | 


FFS1FF test mode 


Writina to the "GO" address resets all counters from seconds to 
theusandths of seconds. | | 


The status bit should be read after readina any time resister. 

\ The low bit of this data will be ai ane if the time resister 

ak oie ge during the read» meanings the time resister should be 
_read again for valid data. 


The bits in the interrupt cantrel and status resisters are 
defined as For towse:: di 


‘Bit No. Function: 


Commarator (latch equals real-time) 
Every Tenth oF. a Second ~ 
Every Second. 
Every Minute | 
Every Hours | 
Every Day 
Po Every Week _ 
“Every Month — 


NOUPWNRO 
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* enable an interrupt at the specified rate, write ai "i" inte 
© corresPandine hit of the interrupt cantral resister. CYou 
wst alsa enable the Real-Time Clock interrupt in the Interrupt 
ask Reaister of the CPL.) To clear the interruet, and discaver 
hat bit caused it, read the interrupt status resister. 


he user is referred ta National Semiconductor literature far 
urther details on pPraasarammine the MM58167. 
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PROGRAMMABLE SOUND GENERATOR = 
The 7900 uses a General. Segtnns: AY-3-28910 Proskanmable: Sound — 
Generator (PSG). The PSG is located on the CPU card, alongs with 


its associated amplifier circuitry. A volume control is also. 
_ Hesates an the CPU card. | : 


Address _. Function 


FFS3C1 latch Address 
FFS3C3 Read From PSG 


FF33CS Write To PSG 


The PSG uses a multiplexed addressina svrstem>s which is nat 
directly compatible with the MC43000 pracessar. It is —— sary 
to Perform two aperations to write a value toa the PSG First 


tell it which resister vou want to write intas then minute the. 
ae which goes in the. regener 


If desired» further values can then be entered inta the same 
resister without performing the "Latch Address” function again. 


Example of cade to write "Value" ta "Resister" in the PSG: 


MOVE.B #Resister,$FFS@2C1 tell it which resister. 


MOVE.B #Value, $FFS3C5 Put the value in it 


ATT of the PSG resisters may be read» as well as written. It is 
necessary to perform the same sesguence as far writing: latch the 
resister address fusing a ‘aoa sic then read the resister (usins 
a read). | | | 


NOTE: The PSG should be accessed cheeuen byte (83-bit) 
| operations only. ? | 8 
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PROGRAMMING THE PSG 


he CGC 79700 feeds the PSG with a clack frequency of 1/8 the 
ain system clack frequency. In the standard 7700 system, this 
revides the PSG with a 1.780 Mesahertz clock. 


he frequency of a tane from any of the 3 anales outputs (A> E 
r C) is defined to be | 


Ft = Felk / (16#TP) 


here Ft is the frequency af the desired tane, Fcelk is the FSG 
lock frequency,» and TP is the number which must be entered inte 
he FSG Tane FPeriad resister ta praduce the desired frequency. 
iaivins for TF, 


TP = 111250 / Ft 


F is allawed to be ure ta a 12-bit number. The lawer eisht tits 
ire entered inta the Fine Tune resister, and the upper four 61ts 
ire entered inta the Caarse Tune resister. 


The calculations for moise pPperiad are identical: 
NP = 111250 / Fri 
Jhere Fniis the desired nmoaise frequency, and NF is the number 


which must te entered inta the PSG Naise Periad resister. NF 
ray te up ta a S-bit number. 


=nvelape Period (the duratian of a tane) is defined ta be 

Te = 2ZEG4#EP / Felk 
Nhere Te is the desired envelape duratian (Cin secands); Felk is 
the PSG clack frequency defined abave, and EP is the 14-bit 


number which must be entered inte the PSG Envelope Feriad 
resisters. Satvins for EF, 


EF = Te *# 6933 
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peg REGISTERS 


The PSG contains 16 internal resisters, each of which may be 


Resister #  Purrose. 


Qa Fine Tune A (8 bits) 
1 Coarse Tune A (4 bits) 


Fine Tune B (8 bits). 
Coarse Tune B (4 bits) 


2 

3 

4 Fine Tune C (8 bits) 
a Coarse Tune C (4 bits) 
& 
7 
8 


Noise Period (5 bits) 
Qutput Enable (active low) 
A Amplitude (5 bits) 
9 8B Amplitude (5 bits) 
10 C Amplitude (5 bits) 


11. Envelope Period Fine (3 bits) 
 j2 Envelope Period Coarse (8 bits). 


- -13—~—:s«dEnvelope Shape/Crcle Control (4 bits) 


14 ° not used 
15 =o not used 


€ 


accessed br the Latch Address/Write to Resister procedure — 
mentioned earlier. The resisters are defined as follows: | ce 
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ane and/or nmaise are enabled by resister 7: 


| legsic zera an any of the “n" bits enables noise from that 
‘thannel. A lasic zera an any of the "t" bits enables tone fram 
hat channel. Unused channels are turned off br writings tlosic 


ines in the desired bits. 


fesisters & %Y and 10 contral the autrPut amplitudes: 


Y losic ane in bit 4 specifies the channel“s amplitude to be 
rantrolled by the envelarpe seneratar (Auta made). If bit 4 is a 
tera, the amplitude is fixed br the value in bits O-3. 


The envelorpe aeneratar is cantralled br resister 1335 


7 & ma 4 3 2 1 QO 
: xX i X 3 X X ficantiattki altihatd: 
Bits O-3 describe the envelarpe with Meantinues" "attack," 


"alternate." and "hald.” See General Instruments literature for 
the envelape wavefarms. 


The followings table provides values which may be ‘entered inta 
the Tune resisters (A. Bor C) ta produce the musical nates 
shown. Flease note that the siven values are approximations 
which best fit the required frequencies for each nate. It is 
necessary to divide up each value and load the low & bits inta 
the Fine Tune resister, and the upper eight bits into the Coarse 
Tune resister. : 


OOD 
= 


+ 


antmed 


mPrPa 


PPP PPHAHAHAHDUWWWUWWWWWHWWUWNNNNNNNNNNNN RRR Re eee 


+ 


an 
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onaa 
OBD7 
OBZ 
 oAsc 
OOF4 
0965 | 


O8DE 
OSSF 
O7E7 
0775 
O70A 
O46A5 
0645 
OSEB 


0596 — 


0546 


O4FA . 
—O4B3 — 
O46F 


0430 
O3F3 


O3BB . 


0335 


O352 
(0323 

O2F4 
O2CB 
0203 
0270 

0259 — 
0238 — 


0213 


O1FA 
O1DD 


0103 
O1A9 


O191 bey A 
OI7B we 
O166 — 
0152 
nate O13F 
O11C 0 
o10C 
OOFD 
 OOEF 
OQOEL . 


PSG MUSICAL NOTES _ 


Zz 
=) 
rt 
t 


. 
—DNDDOGDONODHOGBOAWNNNNNNNNNNNG OO EORTOOSSORGUAUGHUAUHAGH © 


Fres. 


523.2 


334.4 


537.3 


622.3 
639.3 


698.5 
740 


734 


830.6 
8380 


932.3 
7387.3 


1046.5. 


1108.7 
1174.7 


1244.5 


1313.5 


1430 


1568 


1441.2 
1740 

1444.4 
1775.5 
2093 

2217.5 
2349.3 
24R9 - 
2437 

2793.8 
2757.2 
3135.9 


3322.4 


3520 
3729.3 
2951 
4186 


4434.9 


4498.4 
4973 
S274 


5587.4 
5919.9 1 
—b271. 2 
— 6b4AL 


7O40 


 -7458.4 
7 7702.4 4 
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Hex — 


oops 
o0Cc? — 
OOBD | 
00B3 — 


OAD 
0096 


O0sSE 


—6O08BS 


O07E 
0077 
OO71- 
904648 
00464 
OOSF | 
0059 | 
0054 
ODEO 
004B 
0047 
0043 
003F 
OO3C 
0033 
0035 
0032 
OO2F 
QOo2D 
QO?ZA 
QOL 
00245 
oO023. 
OoO21 
OOZO 
OO1E 
OO 
O01B- 
oOo1? 
0013 _ 
0016 — 


0015 
— 0014— 


0013. 


0012 
— OO11 
60010 


NOOF 


OOO 


BC 797oa Preliminary OEM Manual 7 Page Al 
KEYBOARD 


he CGC 7706 canmtains an intelligent kerboard,s with its own 8035 
licroaprocessor., The CRLE communicates ta the kevrboard eproacessor 
ver a 1l2-bit data bus, S bits af which are bidirectional. The 
nterface is asynchronanus: each pPracessor will interrupt the 
ither when it has samethineg ta sav. 


lhen a key is pressed, the keyboard epracessor determines an 
bit code to transmit. Mast of these are 77-bit ASCII cades, 
xcept the labeled kevs an the top af the kevrboard praduce 
Pecial G-bit cades which the CPLI software must interpret. The 
11. M2. CTRL and SHIFT modifiers are used by the keyboard 
‘rracessar ta modify the transmitted cade. These faur kers are 
Llso brouneht aut ta the igz—bit data bus, sa that the CPU can 
‘ead them directly if necessary. 


"he keyboard processor next presents the data ta the CPU, and 
i‘trabes the Key Strobe line oan the kevboard hus. Kerboard 
interface losic on the CPU card sets the Hast Acknowledge line 
ou ta indicate that data has nat vet heen accepted br the CFU. 
then the CPU services the Key Strobe interrnet, the Hast 
\cknowledae line is set hish once again. The CPL! services a Ker 
strabe interrupt tv readina a word (14 bits) from address FFSOSO, 


hen the CFU wishes ta madify the kerboard lishts, it must write 
"a the kevboard address. After writins ta the kevboard liashts 
ince, the CFU must wait for data ta te accepted hefore writina 
dain. This reauires waitinas approximately 100 micrasecands 
‘etween writes ta the kevrboard lishts. 


NOTE: After the kevboard pracessar has accepted data 
for the Tiahts, it will strate the Kev Strahe line an 
the CPU card. This Pulse is "intercepted" tv the 
kervtoard interface losic an the CPU card and does nat 
actually senerate a CPU interruet. 
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RES ET Peaviaes an ectivesiae eureue directly: to the CPU fanas ta. 
reset the el system. This is independent of the keyboard 
| proces sone : Sos ne 2 weg "ee | at ee 4? 


QUIET LOCK is an alternate action key» saivings a hish or Taw 
autput to the CPU card. The 7700 uses this to enable and 
disable the speaker. This is independent af the kerhnard 
processor. — pe amy, 4 ech ea re | ye es | 3 


ALPHA Lack ‘isan alternate action key which modifies the 
alphabetic ASCII. characters produced br the typewriter area of 
the kervboard. When UIP, alpha characters are normally upper 
case» and SHIFT modifies them to lower case. When DOWN, alpha 
keys are normally lower case and SHIFT modifies them to upper: 
case. This is under control of the keyboard pracessor. 


All keys on the keyboard are two-key rallover, except the cursar 
movement (arrow) keys. These four are N-ker rollavers and 
Praduce uniague codes when two are pressed simultaneously. When 
Properly interpreted br the (CPU, these unique codes allow 
diagonal cursor movement. a | oo 


All keys on the kerboard have twa repeat speeds (except far the 
“special keys mentioned above). Auto repeat is invoked if a ker 
is depressed for more than 0.75 secand. Auto repeat oaccurs at 
10 hertz. Manual repeat is invoked by pressings the desired kev 
and simultaneously holdings the REPEAT kev. Manual repeat accurs 
at 50 hertz. The REPEAT key is alsa used ta generate interrupts 
as Part of the Jorstick interface. 


a) 
m 


- 7900 


eee 
a ™~, 
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KEYBOARD CABLE FINQGUT 


he kevhoard cannmects ta the CPU aver a 26-Pin ribbon cable. 
he lines are defined as fallaws: 


Fin Na. 


\ 


jd, 


~~ 
So @ON POA IN 


je ee 
b WN 


~~ 
in 


16 


“Functian 
RESET ta CPU Cactive law) 


' Data Rit 
Tata Bit 
Nata Bit 
Tiata Bit 
Data Bit 
Nata Bit 
Nata Bit 
Tata Bit 
Data Bit 
Tiata Bit 
Data Bit 
Tiata Bit 


MOoees hp wry & 
a 


Guiet Lack (ker up = lTasgic hish) 

LED Strobe (active law) 

Key Strobe petins Tow) 

Hast Acknawledae Chieh if CPL ready) 
Repeat (Clow when REPEAT depressed) 
Ground 

Ground 


Graund 
Ground 


of 


+ 
on A on 


Valts 
Valts 
Valts 
Volts 


+ + 
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KEYBOARD DATA BUS 


ss The keyboard data bus bits are defined as follows: 


Bit © Read (kevboard ta CPU) Write (CPU to kevboard) 


Key Data Bit 
Key Data Bit 
Key Data Bit 
Key Data Bit 
Key Data Bit 
Key Data Bit 
Key Data Bit 
Key Data Bit 


LED Select Bit 
LED Select Bit 
LED Select Bit. 
LED Select Bit 
LED Select Bit 


RWNe DS 


NGUPONF OD | 
NG@GUPWNR OS 


LED Switch: i-an, O-off 


SHIFT Kev (active high) | | 
CTRL Ker Cactive hish) 

M1 Ker (active hish) 

M2 Kev (active high) 


me OO 


Cree ene) sabe. 
en amneill 
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KEYBOARD LED SELECT CODES 


‘a cantroal an LED an the kerboard, it is necessary to place the 
roapPper LED select code on bits O thru 4 af the data bus, and set 
it 7 hish te turn the LED ans or Taw ta turn it off. The 
‘cllewing table provides select codes for each kevboard LED, 


Key Name Select Cade (Hex) 
Fi O1 
F2 QZ 
F3 OS 
F4 O4 
FS OF 
FS O46 
F7 07 
Fo 08 
FY OF 
Fio OA 
Fil OB 
Fiz ac 
Cale Mode OE 
Rubber Band OF 
Plat 10 
Ral 11 
Create 12 
Blink 13 
Fill 14 
Civer lay it 
Cursar OCn/Ot¢ 14 
Zo-colar LED (Red) 17 
2-calar LED (Green) 1s 


Two special select cades are provided far direct contral af all 
_E[Tiss Select cade 00 turns all LEDs aff Cineludina the @¢-calar 
~-ED). Select code JF (Chex) turns an all LEDs (excerpt the 
e~calar LED), resaardless af the state af bit 7. 


NOTE: You must wait appraximately 100 micrasecands 
between Successive writes ta the kevbaard liahts. 
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‘Some users. may. wish to” interface their own devices to the 


- keyboard port on the 7900 CPU card. Any device connected to 


. this port should conform to the cable wirins specifications © 
siven earlier. In addition, the followings items anes be noted: — 


iF the keyboard aeeies is mowered’ by the vente provided an the - 
_ keyboard ports ait must draw less than 1.5 amperes at +5 valts. 


si a ae on the keyboard bus are TTL. 


When the kerboard device wishes to Present data to the CPU, it 
must provide an active-law Kev Strobe of 10 ta 30 micrasecands.— 
Data must be presented on the bus during Ker Strobe, and be’ 
valid at least one microsecand before and after Ker Strobe. The 
kerboard device must recognize that while Host Acknowledge is 
lows the CPU is unable to receive new data. 


When the CPU wants to write data to the kerboard device, it will 
set LED Strabe law. The kerboard device must recoasnize this 
signal as putting the kevboard bus into a "“write" mode. When 
LED Strobe is law, the kevboard device must accept data fram the 
CPUs then» IT MUST STROBE THE KEY STROBE LINE TO INDICATE ~ 
ACCEPTANCE OF DATA. This strobe must alsa be 10 ta 30 | 


microseconds in duration. 


NOTE: To maintain compatibility with ether 7700 

features, the kerboard device should provide a means 
for setting Quiet Lock hish or tow (toe enable oar 
disable the speaker), and for setting Repeat hish or 
low (to enable interrupts from the Jlovstick). 


BC: 


7700 
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KEYBOARD TIMING 


Fase 4&7 
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CGC 7700 SYSTEM BUS 


he 7700 system bus uses two cannectaors, Fl and PZ. Pi is the 
ain connector for address, data and contra! lines, interfacina 
he CPU to memory and peripherals. Pi is the upper cannector in 
he digital chassis. 


2 is the lower cannectaor in the disital chassis. PZ 18 used 
at videon data and control, ineludins signals used tna cantral 
he anales hish valtage supplies. For this reason, it is 
ecommended that P2 be considered a reserved area, far 


‘hramatics” use anly. DAMAGE Ta THE SYSTEM CQULI) RESULT IF USER 
IEVICES ARE CONNECTED TO P2! 


GC 7900 circuit cards have the same physical dimensions as 
‘equired br the Motorola VERSAbusS specification. Hawevers the 
us arransement differs siasanificantly (see the follawina erages). 
tr general», VERSAbus cards MAY NOT be plusged directly into the 
GC 7700 card cage. | . 
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Pi. CONNECTOR IDENTIFICATION © 


- Qdd Pin Now = Signal -———(i‘C;SéC*@EVeN Pin Now ~~ Signal 
Component Side = Name Circuit Side == Name 


pe Fe ge cat 
GND 4 GND 
= ae bo. OpOR 
DO2 ar 3 _ = 
pos om 10 = COS 


ONG 


AR DOR 1200 = «B07 
ao. pos | OO 1¢ 0 Dog 
AS BNO —- 16 | Dil 
a ya PAZ | | iS nis 
19 | D14 | 20 os NS 


zi CMOS +5V | 22 CMOS TRIGGER 

23 GND | 24 ° GND 

25 Lose | 2&6 UNS 
27° GND | B88 GND | 
29 | DTACKS © a 30o | AS 


31 GND 32 GND 
330 | 34 READ/WRITE 
a | | _ 34 aot 
37 | ADZ | _ 33 AQZ 
39 A04 40 Ads 


41 | ADS 42 AO7 
43 aA0s ! 44 AD 
45 A10 46 Ail 

47 A12 48 A13 

49 A14 50 Ais 


51 A16 +52 A17 

i A1s : | 54 AID 
55 A20 | Sé A21 

57 | A22 es 53 A232 


61 + GND oat e 62 GND 


67 —— GNBE— —“—i—sSCB GND 
OP ite | | 70 = SYSCLK 


GNO 


Preliminary OEM Manual 


GND 
BCS1+# 
BITS 34% 
BCSS+* 


BUSERRS 
FCO# 
FC2* 
IRGi1 # 
IRQ3# 


IRQS 
IRGQ7+ 
TACK IN+ 
BGO# 
BG1+# 


BG2* 
BG:3% 
BO4 + 
ERGO 
BRO2# 


BRIG 
BGACK + 
BVMA*# 


GNO 


~12V 
GND 
+12V 
*+12V 
+5iV 


+5) 

SV 
(FOR CMOS 

GNE 

GND 


+2) 


rn ee a 
& & ti 0) O) 
OM & BH pr 
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GND 
SYSRESET # 
BCS2* 
RCS4# 
BCS6é+# 


FCix 


IRQ2* 
TRO4# 


IRO6# 
INTON# 
LPEN* 
BRINT1# 
BINTZ* 


BINTS# 
BINT4# 
BINT 
BR 1 
BREUS# 


BVPA# 


ALLIRO—7 * 
GND 


—12V 
GNE 
+12V 
+12V 
+5) 


+5) 
-=&V 
SN 
GNI 
GND 


Torna saan a ata ES A ATRESIA TRA TE EASE BLE QD ONLI, OLY Lop ayer aN oe 
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Pi SIGNAL DESCRIPTIONS => 
D00-D1S (pins 5-20)! The tristate, bidirectional data bus. 


CMOS +5V (pin 21): Supply for CMOS RAM on the CPU cards | 
maintained during power cutages by a battery. a 


CMOS TRIGGER (pin 22)2 Goes low to disable CMOS memory access 
durins Power down and start-up, pPreventins sPurious memary 
writes. | | , = | 


LDS* (pin 25): Lower Data Strobe. An active low, tristate 


signal which indicates a data transfer on DOO-D07. 


UDS# (pin 26)! Upper Data Strobe. An active low, tristate 
signal which indicates a data transfer on DOS-D15. | 


DTACK# (pin 29)8 Data Transfer ACKnowledse. An active low, open 


collector signal senerated by a Peripheral or memary device. tt 
indicates acceptance of data durina a write, aor that data has 
been Placed oan the bus in respanse toa a read. Tf &a Nanc-existant. 


memory location is accessed and DTACK* does mot occur, ai bus 
error is generated. a | 


AS# (Pin 30): Address Strobe. An active flow, tristate sisnal 
which indicates that a valid address is present oan the address 
lines. - = | 


READ/WRITE# (pin 34)! A tristate signal used ta define the tvre 
of crcle in Progress. This line is high for a read cycles Jow 


for a write crcle. 


AQ1-A2Z3 (pins A6-5&) 2 Tristate address bus. Note. that the 
Towest bit of the address is simulated by UDS*# and LDS#, for 
S-bit accesses. 7 3 “3 7 


 SYSCLK (Pin 70)8 System Clock. This is the highest freauencr 
clock used on the bus, 14.24 MHz in the standard 7700 system. 


BCS1#-BCS6* (pins 73, 75, 76, 77, 78, 80): Bus Chip Selects. 


Active law outputs from the CPU used. to select certain areas of 
memory. See "System Memory Map." | 


ss SYSRESET® (rin oy Svatew Reset | An active low, open collector 
 sisnal used ta reset the system. It (may be senerated by the 
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racessar or by external devices. This line is held low durine 
hWer—-UuP. 


UISERRK* (rein S1): Bus Error. An active taw, aren collector line 
hich is Pulled tow in the event of a catastrophic system 
ailure. The 7700 uses this for memary parity error. 


CO#—FC2* (pins 83-85): Function Code. Active low, tristate 
ines which indicate the state af the tus master, such as 
hether an interrupt acknowledse crcele is in Proaress. 


RGI#-TIRG7# Cpins &7-93)5 Interrupt Reauest. Open callectors, 
ctive law lines which mayvr te ePpulled law br eeripherals ta 
equest an interrurt. IRG7* is highest Ppriarity and is used 
UrPing Power-uP. 


NTON# (pin 74): Interrupt Cn CFU. Active law signal which 
mdicates ane of the 146 interrupts on the CPU card is pPpendina. 
thoauld he tested ty secandary tus masters, to allow them ta 
‘@lease the bus if an interrupt is waitins for service. 


ACKING Cein YE)5 Interrupt Acknawledae In. Active Tow sianal 
hich indicates the CFU is fetchina an interruret vector. 


PEN#® (pin 94)8& Liaht Pen Interrupt. Active law. oaorpen callectoar 
sianmal asserted by the Lisht Pen Iaaic when a hit is detected. 


1GO#—-EG4e (pins 97. 99, 101, 103, 105): Bus Grant. Active tTeauw 
signals which inform a device that it mav became the bus master. 
[ssued ty the CPL in response ta Bus Request. All tristate 
signals will aa to a hish impedance at the end of the. bus crcle 
in which a Bus Grant is asserted. 


SINTI#—-BINTS# (pins 98 100, 102, 104, 104): Bus Interrupt. 
Active low, aren callector sisnals which atlttaw pPprerirpherals ta 
interrupt the CPU card. See "Interrupt Mask" for details. 


BROO#-BRG4® (pins 107-111): Bus Reauest. Active low, apen 
callector signals used br secandary bus masters to a@ain access 
ta the bus. BRO4#* is hishest pricrity. | | 


BGOACK# (pin 11%): Bus Grant Acknowledge. Active lew sianal 
asserted ty the secondary tus master when it has assumed cantral 
of the bus. : | | 


eee teen aE mS AeSene SE ARN RARE 5 A SORENESS 6 ABA LOE ATR RET NE OIE A wR BREE IRL TAY PREP Bo MO Mm name BARR XMS ae Benin OX aie neta ewe en 5 A ESI Baan, ft sete 
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4 


BVPA® rth tia Bus Valid. Beripnerat Address. Active | Tow 
signal which informs the CPL that an ‘MC4800° peripheral device is 
- fespondins te ne current bus- cycle. a 


| VMAs min 1is)t Bus Valid Memory: Address. Active low, tristate 
line which. asserted in. caenense to BVPA#. Used to 
- rrnchrenise NES800 peripherals. — rs * 3 


ADDRO-7" (Pin 118)8 Addresses 0-7 in use. Active Tow signal, 
asserted when memory lacations 000000 thru G00007 are heins 
accessed. Used durins Power—-uPp to disable RAM and enable FPROM. 


GND (for cmMas +5). (pin 135): This is the SUPPI¥ return for the. 
CMOS battery POWEr It should nat be used far narmal araundins 
PUrPOSEeS. | . a a 
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P2 CONNECTOR IDENTIFICATION 


Odd Fin Na. Sianal Even Pin Na. Sisnal 
Companent Side Name Circuit Side Name 
1 around Zz eroaund 
3 sranund 4 sround 
5 ground & araund 
7 \ +5V & +5 
g +5V 10 +5) 
11 7 7 +12V 12 +12V 
13 14 
i IBITO 14 IBIT1 
17 IRITZ 1s IBITS 
19 FWO 20 Ri 
23 CSF # 22 CSHe 
2s PWE 24 PSEL* 
Zu VMO "26 VMI 
27 VM2 23 VMS 
29 VLC 30 VIE Oe 
31 VNRE1+* 32 IBSEL 
33 VBOO 34 VEO} 
35 VBO2 3h VBO3 
37 VBO4 3 VBOE: 
39 VEO4G 40 VRO7 
41 VBOS Zz VROY 
42 VEB1O VEAL 
4 VE12 VEI 
47 VE14 VALS 
4Y VE16 VE17 
=1 VB1& VEL? 
St VE20 VA21 
re bt VEZ? VE 
=7 VE24 VE2S 
a9 VE2ZS6 VB27 
61 VB2S VE29Y 
43 VE30 VE31 
65 VES? VE33 
by7 VE34 VEE 
69 VB346 VE37 
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Si : 
33 CO 
eS 
37. 


3 


F1 


93 
95 


97 


9 


101 
103 


105. 


107 


109 


Lit. 


113 


115 


117 


1197 ~~ 


7308 
TT 2 
, 


ee ened 
BLINK 
IVLC 
LBNK* 


RAZ 
RA4 
RAG 
WL 
CSE 


MRAS* 
RF SH 
MCAS* 
RAS*® 


ground 


CH 
VMLUX | 
RZO 
RC2 


RCA 
RCS 


-SV 
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P2 SIGNAL DESCRIPTIONS 


BRITO-IBITS (Pins 15-18): These lines thatd a 44-bit number used _ 
ao select ane of 14 Planes (in Plane Mode) or ane of 16 bits Cin 
Mode), accordinasa to the state of JBSEL. 


WO (Pin 19): Plane Write Override. Keeps Plane Select latches 
‘rom affectina memory accesses in Flane Made. This line is hish 
then Plane Made addresses are used. 


* (€pin 20): Read (active low). 


“SF#, CSB (pins 21 and 227): Calor Status Foresround and 
Jackaraund strates. These lines strobe information inte the 
ratoar Status Jatches. 


"WE (Pin 23): FPlane Write Enatle. This line enables Plane Made 
access ta memary when laws and Z Meade ar Color Status Mode when 
“igh. When asserted, this line averrides the IBIT lines. | 


"SEL#® (pin 24): Plane Select strobe. This line strabes 
informatian inta the Plane Select latch (1 tit per Plane). 


VMO—-VMS (pins 25-28): Videan Mux select. Selects which 4 bits 
are currently hbeina bravaht cut an VBOO-VB29 for display. 


VLE Cpin 27): Videa Latch Cantroal. This line strabes data fram 
vVidea RAM inte latches,» Priar ta bit selectian tev VMO—-VMa. 


VIIEO#—-VOEL# (pins 30-31)! Videa Data Enable. Cine af these twr 
lines will be law. determinina whether imase planes O-7 ar G15 
are currently beins displaved. 


IBSEL (pin 327): Selects Bit (Z made) oar Flane mode access ta 
imase memary. 


VBOO—-VESY (pins S3—-72)5 Videa Eus. Tiata from video RAM is 
treusht cut an these lines, 4 bits at a time, fram each af 10 
Possible planes. ‘Nate? only & planes» O thru 7. are currentiy 
supparted br the CGC 7900.) Each of these lines is named in the 
farm VEBbep. where hb is the bit number (0-2) and rp is the plane 
number (0-97), af the data on the line. | 


BLINK (pin 75)! A 1.9 Hz blink signal used to tlink information 
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from image ee: 


aLc (pin 7e)e Cutnue. Latch eegtenalve : This line eiech os. data out. 


| oF imase memory when the CPU wishes: to read from image Lou ae 


“IVLO (pin 77)! Internal Video a Send (This line strobes” 
data from imase RAM into "halding" latches, prior to the latches ~ 
strobed by VLC. bs og gee Yaa ee ee eee eee 


sive (pin 78)! Plane Video Switch. This line strobes data into 
the Plane Switch latches, to determine which Planes are fed ta 
the Color Lookup Table for display. | | 


LBNK# (pin 79)! Load Blink Select. This line strobes data ints 
the Blink Select latches» ta determine whether the data fram. 
each Plane will blink (be masked ta zero) at the rate set br 
BLINK. | > 


RAI-RAS (pins 80-85)2 RAM Address. In Z Made, these lines 
select a Pixel to be read oar written. In Flane Mode+ they 
choaase one 16-bit word from the 64-bit internal data tus of =the 
RAM card. | | | 


WU, WL# (pins 86-87)! Write Upper/Write Lower. Active low 
signals roomed by gatins UDS#* and any op Ast the Write line. 


BIT# (pin 88): Bit mode. Active tow sianal indicatins a Hit 
mode (Z mode) access 18 in Progress. | 


CSE (pin 89)! Color Status Enable. This signal allows the Color 
Status addressing mode to become active. | 


 EP® (pin 90)8 Reserved for future use (hardware erase-rpage 


functian).. 


LXZ# (Pin 92): Load X Zoom. This active Tow signal. strobes a 
4-bit number into the X Zoom resister an the Color Lookup card.- 


MRAS*® » MCAS* (pins 93 and 97): Memory Row Address Strabe and 
| Column Address strate. These RAM control lines are used during 
- CPU. accesses. — bg Carte: os Die f eee oo. * as ae ny 7 : 


VERT# (pin, 94)t Vertical Rekpaegs, ’ This line is Tew durins the 


vertical: Parr ace: blanking: ee 
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‘(FSH Cpin 95) Refresh. This signal is used durina memary 
‘efresh crcies. 


IMEM# Cpin 74): This sianal pre-decodes same af the CMOS address 
space far videau hardware latches. 


“ROLLe Cpin 9S): Character Rall strate. This strabe leads the 
iverlayvy Rall Counter latch. : 


wAS*€, CAS#* (Pins 9727 and 100): Kaw Address Strabe and Column 
Address Strabe. All ather memory cantral lines are derived from 
these tua signals, which are always present reasaardless of the 
type af memory crele in Prearess. 


7-H (pin 103): Character Horizantal. This siasanal enables the 
fetch af data far videa display. Tt is advanced fram HG ta 
campensate far delays in fetchina pixel data thru the Colar 
_ookup Table. 


HG ¢pin 104): Herizantal Gate. This is the horizontal sync 
sianal. | 


VMUX Cpin 105): Videa Mux. This clack runs the caunters whase 
muteputs arprear an VMO-VMZ. 


RCO-RCE Cpins 107-112): Roaw/Catumnm addresses. These lines 
canmtain the addresses af whatever imase memary is heina 
accesses, in the matrixed farm required ty dynamic RAM. 


14M (Pin 115): The 14.24 MHz master clack. SYSCLK an Ft is 
synchronized ta this sianal> hawever its phase is different due 
ta Prapagatian delays. 
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SYNC SIGNALS 


he CGC 7900 uses intertaced scan. Qdd-numbered raster lines 
re scanned durins one field» and even-numbered lines are 
canned durina the next field. The fields are synchronized ta 
he 60—-cycle Power lines so each Field lasts 1/40 secand, and it 
akes 1/30 second to display an entire frame. Interlacina is 
chieved by delayrina the start of vertical sweep an add fields. 


he display scans 7468 lines: with 1024 epixels per tTline. Each 
ixel is scanned far 335.11 nanoseconds. Three S-—bit 
isital-ta-analos converters receive red. asreen and hlue data 
cram the Digital Chassis and canvert this data into three vides 
isnatls. RGR video autrut is available. 


11 af the foallawins signals are available at the Analoas 
“hassis, hehind the CRT tube af the 79700. Atl syrnc siasnals are 
jifferential TTL» and mar be received with Advanced Micro 
tevices AMZS6LS33 ar equivalent. Note that the ePralarityvy of the 
“eceived signal mar be altered ta suit your equipment tr 
swaPPpina the input lines ta the receiver. Sync signals are 
Found at J6, a 10-—pPin risght-aneale connector mnmear the front 
corner af the Deflectian Madule. It is suaeested that a Y-cable 
arrangement be used ta feed these signals inte the 79700 and the 
user “s equipment. 


NOTES Toe prevent passible damage to the CGC 7900, 
insure that J6 15 properly connected BEFORE arrlvinea 
Power toa the syrstem. External devices cannected ta lé 
must NOT impair the normal sync signals at this 
cannectar ! 


(1) Clock: J& pins 4 and ¥ (red/black pair). A1.7& MHze square 
wave, from which atl other syvnes are derived. When videa is 
active, 16 Pixels are scanned durina each crcle af this clack. 


(2) Horizantal Reset: J64 pins 2 and 7 trellow/black pair). The 
sync signal which trisasers each harizgantal line. Videa tesins 
9127.9 nanoseconds after Horizontal Reset aoes high. =e 
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3) Vertical Release! J6 pins 1 and 6 (areen/black pair). The 


syne signal which trisgers vertical sweep, and inhibits sweep at 
the proper times to provide interlace. On even fields» this 


signal rises simultaneously with a Horizontal Reset rising edse. 
On odd fields, it is delarved br 20.79 £=microseconds for 
interlace. The falling edse of this signal is trissered by 
 Pawer line frequency (4640 hertz). | | | | = « 


(4) Analogs Video? These three signals are availabie on the Video 
Amplifier card, on the back wall of the Analos Chassis. Pi 


provides sreen» P2 is blue» and P3 is red. These signals shauld > 


be received br a S50-ohm coaxial cable in each of the connectors. 
For best results, a SO-ohm load should be provided at the user’s 
end of the cable. The voltase levels at each of these 
connectors are: zero for black, minus one volt (nominal) for 
maximum intensity. This level may nat be adjusted without 
disturbins the 7700 video alignment. 7 
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VERTICAL TIMING = 


4 
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CONFIGURING BUFFER MEMORY CARDS 


he two ratary switches on the edse af the Buffer Memory card 
etermine the card’s address. To set up a card, Perform the 
ollawins sterss 


- Determine what the memory address af the card should be. 
Ine card must have address 000000, and if ather cards are 
nstalled, they wilt normatiy have cansecutive addresses 
‘cllawings the first card. Consult the table below ta see what 
witch settings correspond to the card’s desired memory address. 


NATE: The 7900 memory map reauires that Buffer Memory 
cards be addressed belaw 800000. 


NOTE: All possible memory addresses require that the 
first switch be set ta a number between © and 7. THE 
SYSTEM WILL FAIL if The left-hand switch oan the card 
is set to & or hisher! 


*% Arrange the card sa that the camponent side is up, and the 
maid edae cannector is Pointins away from you. The two roatary 
switches shauld now be visible an the risht side oaf the cards 
‘ear edae, | 


3. Lising a small screwdriver, set the twa switches sa that the 
Irreoaw on the left switch is pointines ta the first disit of the 
“eguired setting, and the arrow an the risaht switch is Ppoaintina 
ta the second digit. For example, if vou are installinea a ecard 
at address 02720000, the table says that the coarrect setting is 
21. Set the left switch ta O and the risht switch to 1. 


(Some switches may not be marked at the add numbered 
Pasitians. If rours is not» assume that Position 1 
lies halfway between O and 2. and sa an.) 


é 
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_ BUFFER MEMORY CARD ADDRESS SELECTION 


— Switch Memory. 


Switch Memory Switch Memory 7 
Pasition Address. 


Position Address Position Address _ 


00, 


| 2c 53 ROQdGO 
Ol 020000 | 2 SA0000 a9 BR20000 
o2 040000 2E ~SCcodde 5A B40000 
03 060000 2F 5E0000 SB 840000 
04 080000 30 600000 sc: RE0000 
oS oA0000 © 31 420000 a) 8 BADDDO 
06 OoCQ000 22 640000 _ SE BCQQ00 | 
O7 OF0000 > 33 440000 _ SF BREOO00 
08 100000 34 680000 40 COdd0O 
oF 120000 35 480000 &1 20000 
OA 140000 26 600000 42 C40000 
OB 140000 37 4E0000 43 C4&0000 
oc 180000. 2a 7OQ00O OG Cao000 
on 1ADD00 39 720000 6% LAdNNDO 
OE 1C0000 2A 740000 b6 CCodda 
OF 1£0000 3B 760000 ty7 ZEONOO 
10 200000. 3C 8780000 68 poeoEQde 
11 220000 2B 7A0D000 49 D20000 
i2 240000, 3E 7cC0000— 464 40000 
13 — 260000 3F FEQNOOO 4B n4o000 
14. -_- 20000 40 B00000 6c naooda 
15 2A0000 41 #820000 60 NAooNO 
16 200000 82 240000 6E NCOOdE 
17. 2E0000 43 40000 OF nEQoOO 
1a 300000 44 R20000 7o Ea0n0a 
1? 3220000 45 SA0000 71 F20000 
iA 3240000 44 scoode 72 E40000 
1B 360000 © 47 REOO0O 73 F40000 
in 220000 43 FOOOOO 74 E20000 
10 3AQ0000 © 49 920000 75 FANDOND 
JE. aca00a 4h 940000 — 7& ECOGOO 
iF 3EQ0000 | 4B 260000 77 FEOQOOO 
20 400000 4c Fa0000° 7&8 FAQOdOD 
94 420000 4n ~PAN00O 79 F20000 
22 440000 SE 7COO0O | 7A F40000 
23 440000 4F YEOOODO 78 #£F&D00O 
24 420000 50 andddd 7c FS0000 © 
25 4£A0000 S10 AP0000 70 FADDOO 
24 4f0000 52  A40000 7E FCOOOO 
27  4&0000 S32  AGOOOO © 7F = FEN000. 
28 | 300000 54 As0000 sO | 
29 jj520000 55 AANDDNO 
2A = =9§40000 a6 ACOONDO © 
2B «540000 > 57 AENODNN © 


000000 


580000 
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CONFIGURING IMAGE MEMORY PLANES 


aapaimnrencet 


ach Image Memory epliane is assianed a uniaue number, from O to 
5. Two planes in a system may NOT have the same number 
ssisned. 


\ 
- Arranse the Imase Memory card sa that the comeanent side af 


‘he card is facina rou,» and the gald edge cannector is tao the 
‘jaht. Locate the ratary switch, in the lower left corner of 
‘he tBKoard. The switch has a slot, which is facinas down (towards 
‘oud. Gn this side of the switch is alse an arrow, which will 
snint to one of 16 pasitions araund the switch. 


tefer ta the followings table» and use a small screwdriver ta 
turn the slet until the arrow Points tno the proper easitiaon far 


rour card. 


Image Plane Number Switch Pasitican 


06 664k Gee 


1 1 
we e#s92¢6«8se@ rr 
3 3 
4... eeseeskes 4 
ren baa 
4é,. @aeesse# sa 224 
7 7 
Se se e®#ee.8 28 s 2 
y Q 
LO. 66s kw aeO 
11 EH 
1x. 2 8@ eees 8 ae 
13 Ci 
i4.. @#eees eek 
15 F 
The add numbered pasitians an the switch may nat be labeled. is 


nots assume that pasitian 1 lies halfway between O and 2. and saa 
|arie 


Ta tenement ea Rt le EL ANN RCN BAR RN TRC! OANA LIL ISIN DALI Po AMS Nek es RRR, OTA TNS eek BY 


4 . 
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2. Again> arranse the card so that the gold edge connector is 
ta the risht. Locate the two vertical rows of Pins near the 


center of the risht edge. Refer to the foliowing chart, and. 
Place one (1) Jumper an one of the pairs of Pins» to select the | 
desired plane number. Remove any other Jumpers on these tuo 
rows of PINS. | Z - Me PRE nee es i" 


. on15.0 
9.14.0 

0.13.0 

9.12.0 

oe-li.o 

9.10.0 

Geese Dd 10.920 

0224.0 * scBve 

0005.0 | 
JumPper 2 
G224.9 | 

ea de OD 

Meee 
ee re 


a.20.0 


JumPer Ji 
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3. tLoacate the two vertical rows af Pins near the tlawer riaht 
‘arner af the card. Refer ta the folowing chart, and place ane 
(1) jumper an the pair of Pins marked “O-7", ar an the pair 
marked "S-15", dependina aon which of these ransaes includes the 
jesired plane number. | 


clumeer IS 
dumper J4 


a Co 

ci Q 
oO ce 

a G 
a) O 

Ce a 
QO cr 

a Ci 
Ce a 

CQ ce 
a) CG 

a cr 
a Cc 

Cs Ce 
a C 

Ce a 
te Cr 

O Cs 
oO c 

Ce Ce 
ta Ct 

CG ce 
QO cs 

a] C1 
as a] 

Ce ce 
a Ci 

CG Ce 
i Cc 

a a 
th C 

. G Cr 

ce ia) 

Cc ce 
Gs ce 

Ce ci 
fa ce 

ca Cc 
cs 

Q Q 

ce ao S - 15 

rr) a aO- 7 
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"1 
poor 


 ¥ & Now, if the desired plane number is greater than 7, subtract 
_ @isht fram it. Thus, plane 8 becomes 0, 9 becomes 1, and so on. | 
(If your plane number is less than & do not alter it.) Refer — 

ta the followings table» and place four (4) jumpers on pairs of 

Pins marked with the plane number you have Just calculated. > 


dumper JSS 
a Jumper JI4. 


t 
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TMAGE MEMORY CONFIGURATION JUMPERS 


a Paso a slgsi tse ih Mee ole Sastgid een ah aa ans Se 2 So, Ge es eine HON GOR Miike ES Ae Shee tien Shae, el aay fink Se we i Ra a eal Be SE EG 
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